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We present a detailed analysis of how a mixed-anomaly-free U1 symmetry can be used
to both resolve the slepton mass problem associated with Anomaly Mediated Supersymme-
try Breaking and generate the fermion mass hierarchy via the Froggatt-Nielsen mechanism.
Flavour changing neutral currents problems are evaded by a specific form of the Yukawa
textures.
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1. Introduction
An explanation for the existence of the three generations of quarks and leptons with
their widely dispersed masses remains one of the most significant problems in fundamental
physics. One plausible way they may emerge from a more fundamental theory is via
Yukawa textures associated with a U1 symmetry, either global or gauged at some higher
scale [1]. This idea has been much studied both with anomaly-free and anomalous U1’s.
In this paper we investigate Yukawa textures in the context of a specific framework for the
origin of soft supersymmetry breaking within the MSSM, known as Anomaly Mediated
Supersymmetry Breaking (AMSB) [2]–[4]. Direct application of the AMSB solution to the
MSSM leads, unfortunately, to negative (mass)2 sleptons. A number of possible solutions
to this problem have been discussed; here we concentrate on proposals [5] [6] which require
the existence of an additional U1 symmetry; in the first case (Case (FI)) a “normal” U
′
1
(commuting with supersymmetry), and in the second case (Case (R)) a U ′1 associated with
an R-symmetry [7]. Both cases permit additional contributions to the scalar masses which
preserve the exact RG invariance of the AMSB solution, providing the U ′1 has no linear
mixed anomalies with any gauge group of the theory. In the MSSM context this amounts
to the requirement that the U ′1(SU3)
2, U ′1(SU2)
2 and U ′1(U1)
2 anomalies cancel. The U ′1
need not in fact be gauged, though of course the vanishing of these anomalies suggests
that it may be. We will therefore also impose cancellation of U1(U
′
1)
2 anomalies, so that
a MSSM singlet sector would suffice to render U ′1 anomaly free. It is very natural to use
the same U ′1 symmetry to both solve the slepton mass problem and generate the Yukawa
textures.
With regard to Case (FI), the MSSM in fact admits two generation-independent,
mixed-anomaly-free U1 groups, the existing U
Y
1 and another (which could be chosen to be
UB−L1 [8] or a linear combination of it and U
Y
1 [5]). The existence of these two independent
U1’s indeed enables us to resolve the slepton problem and predict a distinctive sparticle
spectrum with characteristic mass sum rules, as described in Ref. [5]. This scenario has the
advantage of incorporating natural suppression of flavour-changing effects in both hadronic
and leptonic sectors. It provides no insight into the flavour problem, however, and does
not accommodate neutrino masses in an elegant way.
The MSSM does not admit a generation-independent R symmetry (although one can
be arranged using additional matter fields, see Ref. [9]), and so there is no analogous
treatment to Case (FI). In Ref. [6] we argued that in conjunction with the Froggatt-
Nielsen (FN) mechanism[1], use of a generation-dependent R-symmetry could combine
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the desirable features of the AMSB scenario with an explanation for the flavour hierarchy.
The form of Yukawa textures adopted in Ref. [6] was motivated by the limits imposed
by flavour changing neutral currents (FCNC); it required, however, some fine tuning to
reproduce the flavour hierarchy and the CKM matrix. In Ref. [10], motivated by the now
overwhelming evidence for massive neutrinos 1, we considered a generation-dependent U1
in the Case (FI) context, and found a different texture which both naturally reproduces
the flavour hierarchy and leads to an acceptable CKM matrix. Our purpose here is to
describe this scenario in more detail, explore alternatives, and extend the discussion to
encompass Case (R). We show how the existence of a mass sum involving the Higgs
bosons constrains our U ′1 charge assignments, and exhibit sparticle mass spectra for the
various possible scenarios. In section 2 we review AMSB, in section 3 we describe briefly
the MSSM generalised to incorporate massive neutrinos via the see-saw mechanism (which
we term the MSSMν); in sections 4-7 we analyse the constraints imposed by anomaly
cancellation and in section 8 we pursue the experimental consequences of our preferred
choice of textures.
2. Anomaly mediation
Consider a supersymmetric theory with superpotential
W (φ) = 12µ
ijφiφj +
1
6Y
ijkφiφjφk, (2.1)
and soft supersymmetry-breaking terms as follows:
Vsoft =
(
1
2
bijφiφj +
1
6
hijkφiφjφk +
1
2
Mλλ+ c.c.
)
+ (m2)ijφiφ
j . (2.2)
The anomaly mediation approach to the MSSM begins with the following relations:
M =M0
βg
g
, (2.3a)
hijk = −M0βijkY , (2.3b)
(m2)ij =
1
2 |M0|2µ
dγij
dµ
, (2.3c)
1 Direct extension of Case (FI) to include massive neutrinos is possible using Dirac mass
terms, but this is very unattractive as it provides no explanation for the extreme lightness of the
neutrinos. The seesaw mechanism provides just such an explanation, and most elegantly; but
involves Majorana masses for right-handed neutrinos, which evidently break UB−L1 . For some
alternative ideas about massive neutrinos in this context see Ref. [8].
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which are RG invariant to all orders of perturbation theory. (In appendix A we provide a
summary of the most general set of such relations, for a theory including gauge singlets.)
Eq. (2.3c) leads to tachyonic sleptons; most studies have dealt with the so-called
mAMSB, produced by replacing it (at the unification scale) with
m2 = m2AMSB +m
2
0, (2.4)
that is
(m2)ij =
1
2 |M0|2µ
dγij
dµ
+m20δ
i
j , (2.5)
where m20 is constant. This procedure, however, destroys the RG invariance (and hence
the UV insensitivity) of the relation. Much more elegant, in our opinion, are the following
two possibilities:
2.1. Case (FI): The Fayet-Iliopoulos solution
Here we replace Eq. (2.3c) with:
(m2)ij =
1
2 |M0|2µ
dγij
dµ
+
∑
a
ζa(Ya)ij , (2.6)
where ζa, (Ya)ij are constants, satisfying the following relations:
(Ya)ilY ljk + (Ya)jlY ilk + (Ya)klY ijl = 0 (2.7a)
tr[YaC(R)] = 0. (2.7b)
Here C(R) is the quadratic gauge Casimir for the chiral multiplet. These constraints fol-
low from demanding that m2 be RG invariant, but clearly correspond to requiring that
each Y correspond to an abelian symmetry of the superpotential (Eq. (2.7a)), such that
all anomalies linear in Y and quadratic in gauged symmetries vanish (Eq. (2.7b)). It is
interesting that the latter requirement derives from the X-function in the β-function for
m2; this function, whose existence was first remarked in Ref. [11], was related recently to
anomalies in Ref. [12]. The ζa-terms in Eq. (2.6) correspond precisely to the contributions
to the scalar masses from Fayet-Iliopoulos (FI) D-terms, after elimination of the auxil-
iary D-fields using their equations of motion. Note that the mixed anomaly cancellation
requirement rules out anomaly cancellation via the Green-Schwarz mechanism [13]. The
simplest realisation of the FI scenario is to have two ζ’s, ζ, ζ ′, the first corresponding to
the standard model U1 and the second to a U
′
1 the possible form of which we will discuss
in detail later.
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2.2. Case (R): The R-symmetry solution
Here we have
(m2)ij =
1
2
|M0|2µdγ
i
j
dµ
+m20(γ
i
j + qiδ
i
j) (2.8)
where m20 and qi are constants, as long as a set qi exists that satisfy the following con-
straints:
(qi + qj + qk)Y
ijk = 0 (2.9a)
2Tr [qC(R)] +Q = 0, (2.9b)
where Q is the one loop βg coefficient. It is easy to show[7] that Eq. (2.9) corresponds
precisely to requiring that the theory have a non-anomalous R-symmetry (which we denote
R, to avoid confusion with our notation R for group representations), where if we set
qi = 1− 32ri, (2.10)
then Eq. (2.9a) corresponds to (ri + rj + rk)Y
ijk = 2Y ijk, which is the conventional R-
charge normalisation. In the rest of the paper we will work with the fermionic R charges,
qi = ri − 1. The relation Eq. (2.8) generalises easily to the case of several R symmetries
but the simplest possibility, which suffices to deal with the slepton mass problem, is to
have one only, which we will call UR1 .
3. The superpotential and neutrino masses
The MSSMν is defined by the superpotential
W = H2QYuu
c +H1QYdd
c +H1LYee
c +H2LYνν
c
+ µH1H2 +
1
2 (ν
c)TMνcν
c,
(3.1)
where Yu, Yd, Ye are 3× 3 Yukawa matrices, and Yν is 3× nν , where nν is the number of
RH neutrinos. We will neglect CP-violation and assume that all parameters in Eq. (3.1)
are real. The light neutrino mass matrix mν is generated by the seesaw mechanism,
mν = mDM
−1
νc (mD)
T (3.2)
where mD = v2Yν is the Dirac ν-mass matrix.
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The quark and charged lepton matrices are diagonalised as follows:
Y diagu = U
T
u YuVu (3.3)
(similarly for Yd, Ye), so that the CKM matrix is given by
CKM = UTu Ud. (3.4)
The neutrino mixing matrix UMNS relating the mass eigenstate basis to the basis in which
the leptonic charged currents are flavour-diagonal, i.e.

 νeνµ
ντ

 = UMNS

 ν1ν2
ν3

 (3.5)
is given by
UMNS = U
T
e Uν , (3.6)
where
mdiagν = U
T
ν mνUν . (3.7)
Existing oscillation data suggests non-zero neutrino masses with large mixing. Super-
Kamiokande results are consistent with νµ ↔ ντ oscillations with δm2 ∼ 10−3eV2 and
maximal mixing; while the large-angle MSW solution to the solar oscillation data is con-
sistent with νµ ↔ νe mixing with δm2 ∼ 10−5eV2 and large (not quite maximal) mixing.
Finally the CHOOZ reactor experiment and the Palo Verde experiment suggest that Ue3
is small.
Thus we seek a UMNS such that
UMNS =

 c12c31 s12c31 s31−s12c23 − c12s23s31 c12c23 − s12s23s31 s23c31
s12s23 − c12c23s31 −c12s23 − s12c23s31 c23c31

 (3.8)
with sin2 2θ12 ∼ 0.75 and sin2 2θ23 ∼ 1 and sin2 2θ31 ∼ 0.
Examples from the literature of favoured structures are:
UMNS =

 cosφ − sinφ 0sinφ/√2 cosφ/√2 −1/√2
sinφ/
√
2 cosφ/
√
2 1/
√
2

 (3.9)
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or[14]
UMNS =


√
2
3 cosφ
√
1
3
√
2
3 sinφ
− cos φ√
6
− sinφ√
2
√
1
3
cos φ√
2
− sinφ√
6
− cos φ√
6
+ sinφ√
2
√
1
3 − cosφ√2 −
sinφ√
6

 (3.10)
We will discuss later to what extent our framework predicts (or at least accommodates)
results of this general nature.
4. The Yukawa Textures
In this section we will discuss the form of Yu,d,e, postponing Yν till later. We seek to
reproduce the well-known hierarchies [15]
mτ : mµ : me = mb : ms : md = 1 : λ
2 : λ4, and mt : mc : mu = 1 : λ
4 : λ8 (4.1)
(where λ ≈ 0.22), an acceptable CKM matrix (without too much fine tuning), and neutrino
masses and mixings consistent with current observations.
The fundamental assumption we shall make is that most of the Yukawa interactions are
generated via the Froggatt-Nielsen (FN) mechanism[1]: specifically, from higher dimension
terms involving MSSMν singlet fields θu,d,e with U
′
1 or U
R
1 charges −Qu, −Qd, and −Qe,
via terms such as H2Qiu
c
j(
θu
Mθ
)aij , where Mθ represents the scale of new physics; we will
assume that Mθ ≥ Mνc . We choose to normalise charges so that Qu = 1. For our
principal development we will assume that each Yukawa matrix Yu,d,e gains its texture
from a particular θ-charge and that the vevs of the various θ-charges are approximately
the same. Assigments such that this scenario is (in a sense we will define) natural will be
discussed presently. 2 It follows at once from gauge invariance that the textures take the
following form:
Yu ∼

λ
pu λxu λyu
λau λqu λzu
λbu λcu 1

 , Yd ∼ λαd

 λ
pd λxd λyd
λad λqd λzd
λbd λcd 1

 ,
Ye ∼ λαe

λ
pe λxe λye
λae λqe λze
λbe λce 1


(4.2)
2 If the U ′1 is in fact gauged then this implicitly assumes that there exists a D-flat direction cor-
responding to theMθ scale with all the vevs of the θs involved in texture generation approximately
the same.
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where (in both Case (FI) and Case (R))
au = pu + qu − xu
bu = pu − yu
cu = xu − yu
zu = qu + yu − xu,
(4.3)
with similar relations for ad,e etc. Given that mτ ∼ mb and mb/mt ∼ λ3 we might expect
αd ∼ αe and tanβ ∼ λαd−3. Hence for tanβ ∼ 10, for example, we would then expect
αd = 1 or αd = 2. It might also be, however, that the hierarchy mb/mt has a different
origin.
Gauge invariance of the Yukawas also provides relationships among the various
charges. We will first give these relationships for the U ′1 charges in Case (FI). Denot-
ing the U ′1 charges of the supermultiplets Qi, Li, u
c
i , d
c
i , e
c
i , H1, H2 as qi, Li, ui, di, ei, h1, h2,
we have:
q1 = pu − u1 − h2
q2 = au − u1 − h2
q3 = bu − u1 − h2
L1 = (pe + αe)Qe − e1 − h1
L2 = (ae + αe)Qe − e1 − h1
L3 = (be + αe)Qe − e1 − h1,
(4.4)
u2 = u1 + qu − au
u3 = u1 − bu
d1 = (αd + pd)Qd − pu + u1 − h1 + h2
d2 = (αd + qd)Qd − au + u1 − h1 + h2
d3 = αdQd − bu + u1 − h1 + h2
e2 = (qe − ae)Qe + e1
e3 = −Qebe + e1
(4.5)
and also the following relations:
ad = (au − pu +Qdpd)/Qd
bd = (bu +Qdpd − pu)/Qd
cd = (bu +Qdqd − au)/Qd
xd = (pu +Qdqd − au)/Qd
yd = (pu − bu)/Qd
zd = (au − bu)/Qd.
(4.6)
Case (R) differs because the superpotential has non-zero R-charge which as usual we
take to be 2. Then, in terms of the UR1 fermionic charges, we have (instead of Eq. (4.4)):
q1 = pu − u1 − h2 − 1
q2 = au − u1 − h2 − 1
q3 = bu − u1 − h2 − 1
L1 = (pe + αe)Qe − e1 − h1 − 1
L2 = (ae + αe)Qe − e1 − h1 − 1
L3 = (be + αe)Qe − e1 − h1 − 1,
(4.7)
while Eqs. (4.5), (4.6) are unaffected.
Cancellation of mixed anomalies for (SU3)
2U ′1, (SU2)
2U ′1 and (U1)
2U ′1 leads to the
conditions (in Case (FI))
A3 =
3∑
i=1
(2qi + ui + di) = 0 (4.8a)
A2 = ∆+
3∑
i=1
(Li + 3qi) = 0 (4.8b)
A1 = 3∆+
3∑
i=1
(3Li + qi + 8ui + 2di + 6ei) = 0 (4.8c)
where we have set h1 = ∆− h2, or in Case (R):
A3 = 6 +
3∑
i=1
(2qi + ui + di) = 0 (4.9a)
9
A2 = 4 +∆+
3∑
i=1
(Li + 3qi) = 0 (4.9b)
A1 = 3∆+
3∑
i=1
(3Li + qi + 8ui + 2di + 6ei) = 0, (4.9c)
where the additional contributions in Eq. (4.9a, b) are due to gauginos.
Cancellation of U1(U
′
1)
2 or U1(U
R
1 )
2 anomalies leads to the further condition (valid in
both cases)
AQ = −h21 + h22 +
3∑
i
(e2i − L2i + q2i − 2u2i + d2i ). (4.10)
MSSM singlet fields (such as νci and the θ-fields) do not contribute to Eqs. (4.8)-(4.10).
They do contribute to U ′1-gravitational and (U
′
1)
3 anomalies, which are proportional to the
following expressions (which we include for completeness but the vanishing of which we do
not impose). In the FI case:
AC = 2(h
3
1 + h
3
2) +
3∑
i=1
(e3i + 2L
3
i + 6q
3
i + 3u
3
i + 3d
3
i ) +
∑
s3j , (4.11)
and
AG = 2∆+
3∑
i=1
(ei + 2Li + 6qi + 3ui + 3di) +
∑
sj , (4.12)
and in the R case:
AC = 2(h
3
1 + h
3
2) + 16 +
3∑
i=1
(e3i + 2L
3
i + 6q
3
i + 3u
3
i + 3d
3
i ) +
∑
s3j , (4.13)
and
AG = 2∆− 8 +
3∑
i=1
(ei + 2Li + 6qi + 3ui + 3di) +
∑
sj , (4.14)
where we have assumed a singlet sector with charges si which would include ν
c
i and the
θ-fields. Note the gravitino contributions to AC,G in the R case[16].
5. The Wolfenstein textures
Here we explore whether we can obtain the Wolfenstein texture for the CKM matrix,
CKMW ∼

 1 λ λ
3
λ 1 λ2
λ3 λ2 1

 (5.1)
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in the light of the constraints imposed in the previous section. There is a considerable
literature on this subject, both with anomaly-free and anomalous U ′1 symmetries; for a
recent example see Ref. [17].
A matrix of the form e.g. Yu in Eq. (4.2) has one eigenvalue O(1) and two of orders
O(λmin{pu,qu,xu,au}), O(λmax{pu,qu,xu,au}) respectively. Moreover, the Wolfenstein texture
for the CKM matrix is obtained if the right-hand columns of Yu and Yd are both of the
form (λ3 λ2 1 )
T
, and if xu,d ≥ 3. If we require mass hierarchies of the form Eq. (4.1),
then the only possible textures satisfying these conditions (together with Eqs. (4.3)) are
of the form
Yu ∼

λ
8 λ5 λ3
λ7 λ4 λ2
λ5 λ2 1

 , Yd ∼ λαd

λ
4 λ3 λ3
λ3 λ2 λ2
λ 1 1

 . (5.2)
All the relevant conditions from Eq. (4.6) are then satisfied by taking Qd = 1.
We can then solve the linear anomaly constraints Eq. (4.8) for ∆, e1 and Qe, yielding
(in case (FI)):
∆ = αd + 6 (5.3a)
Qe = 2αd/(3αe + pe + qe) (5.3b)
u1 = −2αd/9 + 16/3− 2h2/3− e1/3 +Qe(pe + ae + be + 3αe)/9 (5.3c)
while in case (R) we find from Eq. (4.9) that
∆ = αd + 6 (5.4a)
Qe = 2(3 + αd)/(3αe + pe + qe) (5.4b)
u1 = 40/9− 2αd/9− 2h2/3− e1/3 +Qe(pe + ae + be + 3αe)/9 (5.4c)
In both cases we necessarily have a texture-generated µ-term, related to Mθ by µ ∼
Mθ(λ)
αd+6, assuming that the θ responsible for it has the same U ′1 charge as θu,d.
Imposing Eq. (5.3) or Eq. (5.4) renders Eq. (4.10) linear in h2, so we solve Eq. (4.10)
for h2, obtaining in Case (FI):
h2 = (116− 2Qepeαd − 2Qeaeαd + 32αd + 12e1 − 4Qepe
− 12Qeαe − 4Qeae − 4Qebe +Q2ep2e + 3Q2eα2e + 2Q2epeαe
− 2Qepee1 − 6Qeαee1 + 2Q2eaeαe + 2Q2ebeαe + 2Q2eqeae
− 2Qeqee1 −Q2eq2e + 4α2d − 6Qeαeαd − 2Qebeαd + 6e1αd)/(4(6 + αd))
(5.5)
11
and in Case (R):
h2 = (−6Qeaeαd − 6Qebeαd − 18Qeαeαd + 6Q2epeαe
+ 118αd − 6Qepeαd − 6Qepee1 − 20Qeae − 60Qeαe
− 20Qepe − 20Qebe + 3Q2ep2e + 9Q2eα2e + 60e1 − 18Qeαee1
+ 6Q2eaeαe + 6Q
2
ebeαe + 6Q
2
eqeae − 6Qeqee1 − 3Q2eq2e
+ 12α2d + 18e1αd + 304)/(12(4 + αd))
(5.6)
We can thus achieve cancellation of mixed anomalies while still retaining considerable
freedom in the leptonic sector. Among the possible textures for Ye we have
Y Ie ∼ λαe

λ
4 λ3 λ3
λ3 λ2 λ2
λ 1 1

 , Y IIe ∼ λαe

λ
4 λ4 λ2
λ2 λ2 1
λ2 λ2 1

 , Y IIIe ∼ λαe

λ
4 λ2 λ
λ4 λ2 λ
λ3 λ 1

 .
(5.7)
All these textures correspond to the hierarchy mτ : mµ : me = 1 : λ
2 : λ4. From Eq. (5.3b)
we see that for this class of textures
Qe =
2αd
3(αe + 2)
in the FI case (5.8)
or
Qe =
2(3 + αd)
3(αe + 2)
in the R case, (5.9)
so that, for example, in the FI case with with αd = αe = 2 we have Qe = 1/3. Notice that
in the R case we can have Qe = 1, if αd = 3αe/2.
6. DD Textures
In this section we consider an alternative texture solution, as described in Ref. [10]
(see also Ref. [18] This takes the form:
Yu ∼

λ
8 λ4 1
λ8 λ4 1
λ8 λ4 1

 , Yd, Ye ∼ λαd,e

λ
4 λ2 1
λ4 λ2 1
λ4 λ2 1

 . (6.1)
We will term these textures “Doublet Democracy” because (assuming as before a specific
θ-field is responsible for each texture) it corresponds to generation-independent charges for
quark and lepton doublets. Unlike the Wolfenstein case, the above textures do not lead
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naturally to a Wolfenstein texture for CKM; in fact the entries in Uu,d, and hence CKM,
are generically of O(1). However, if we suppose that in fact
Yu ∝

 auλ
8 duλ
4 1 +O(λ2)
buλ
8 euλ
4 1 +O(λ2)
cuλ
8 fuλ
4 1 +O(λ2)

 and Yd ∝

 adλ
4 ddλ
2 1 +O(λ2)
bdλ
4 edλ
2 1 +O(λ2)
cdλ
4 fdλ
2 1 +O(λ2)

 (6.2)
(in other words that the unsuppressed Yukawa couplings are approximately the same in
both cases) then we obtain for the CKM matrix the texture
CKMDD ∼

 1 1 λ
2
1 1 λ2
λ2 λ2 1

 (6.3)
which is not of the form of the standard Wolfenstein parametrisation, Eq. (5.1). It does,
however, reproduce the most significant feature, which is the smallness of the couplings to
the third generation. We obtain CKMDD although the entries in Uu,d are generically still
of O(1), via a cancellation between Uu and Ud. This observation will be important when
we come to consider neutrino masses in this scenario.
Unlike the Wolfenstein case, these textures do not dictate the value of Qd. The
anomaly constraints become (in Case (FI)):
A3 = 12 + 3αdQd + 6Qd − 3∆ = 0 (6.4a)
A2 = −2∆− 6h2 + 72− 9u1 + 12Qe + 3Qeαe − 3e1 = 0 (6.4b)
A1 = −120 + 6αdQd + 12Qd + 27u1 + 18h2 + 9Qeαe + 9e1 − 12∆ = 0 (6.4c)
AQ = −48u1 − 144h2 − 96Qd − 48αdQd − 28Q2e − 24Q2eαe + 12Qee1
− 3Q2eα2e + 18u1h2 + 6Qeαee1 + 6αdQdu1 + 12αdQdh2 + 48∆+ 12h22
+ 3α2dQ
2
d + 12αdQ
2
d + 20Q
2
d + 12Qdu1 + 24Qdh2 + 224 + 24Qe∆
− 24Qeh2 − 6e1∆+ 6e1h2 −∆2 − 4∆h2 − 12Qd∆− 6u1∆
+ 6Qeαe∆− 6Qeαeh2 − 6αdQd∆ = 0 (6.4d)
and in Case (R):
A3 = 12 + 3αdQd + 6Qd − 3∆ = 0 (6.5a)
A2 = 64− 2∆− 6h2 − 9u1 + 12Qe + 3Qeαe − 3e1 = 0 (6.5b)
A1 = −132 + 6αdQd + 12Qd − 12∆ + 18h2 + 27u1 + 9Qeαe + 9e1 = 0 (6.5c)
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AQ = 176 + 6Qeαee1 + 42∆− 132h2 − 42u1 − 96Qd − 48αdQd + 6Qeαe
− 28Q2e − 24Q2eαe + 12Qee1 + 24Qe∆− 24Qeh2 − 3Q2eα2e − 6e1∆
+ 6e1h2 −∆2 − 4∆h2 + 24Qe − 6e1 + 6Qeαe∆− 6Qeαeh2 + 12Qdu1
+ 24Qdh2 − 12Qd∆− 6u1∆+ 6αdQdu1 + 12αdQdh2 − 6αdQd∆
+ 20Q2d + 12h
2
2 + 18u1h2 + 3Q
2
dα
2
d + 12Q
2
dαd = 0. (6.5d)
Solving Eqs. (6.4a− c), we obtain
Qd =
∆− 4
αd + 2
(6.6a)
Qe =
2(∆− 6)
3(2 + αe)
(6.6b)
u1 = −2∆/9− 2h2/3 + 8 + 4Qe/3 +Qeαe/3− e1/3
=
4∆− 12h2 − 6h2αe + 96 + 60αe − 6e1 − 3e1αe
9(2 + αe)
. (6.6c)
It would clearly be desirable to have Qd = Qe = 1, since then we could have a single
θ-charge only. However, imposing this would lead to αd =
3
2
(αe + 2) which would not
accord with the hierarchy of masses between leptons and quarks. If we instead make the
simplifying assumption αd = αe = 0, we find Qd = −2+ 12∆, Qe = −2+ 13∆. We also find
AQ = ∆
[
26
9 ∆+ 4h2 − 2e1 − 128/3
]
. (6.7)
We are clearly led to ∆ = 0 since this gives AQ = 0 and also Qd = Qe, so that θe
may be identified with θd. Moreover, the fact that the θu and θd charges have opposite
signs makes this assignment natural, in the sense that we do not have to forbid higher
dimensional terms involving powers of θd,e from contributing to Yu. It is this case we will
concentrate on later. (After an exhaustive search we have been unable to find any other
“natural” θ-charge assignments; it is worth mentioning that simply requiring Qd = Qe and
αd = αe leads inevitably to the solution we have described.)
Correspondingly from Eqs. (6.5a− c) we obtain instead (for Case (R))
Qd =
∆− 4
αd + 2
(6.8a)
Qe =
2(∆− 3)
3(2 + αe)
(6.8b)
u1 = 64/9− 2∆/9− 2h2/3 + 4Qe/3 +Qeαe/3− e1/3
=
104 + 58αe + 4∆− 12h2 − 6h2αe − 6e1 − 3e1αe
9(2 + αe)
. (6.8c)
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Interestingly in this case we can achieve Qd = Qe = Qu = 1, as follows. From Eq. (6.8a, b)
we have at once that αd =
3
2αe, which suggests setting αd = αe = 0 to avoid inverting the
hierarchy between lepton and quark masses; we then have ∆ = 6. Now for αd = αe = 0
we obtain
AQ = ∆
[
26
9 ∆+ 4h2 − 2e1 − 34
]− 8h2 + 4e1 + 44/3 (6.9)
so that for ∆ = 6 the constraint AQ = 0 becomes 2h2 − e1 = 32/3. (Once again it
turns out that this is the only solution even if we don’t impose αd = αe = 0 from the
outset.) Imposing the above constraint on e1, we then have leptonic charges Li, e1, e2, e3 =
23
3 −h2, 2h2− 323 , 2h2− 383 , 2h2− 443 . Then the loop unsuppressed term from Eq. (2.8) will
be positive for each of the set Li, ej if m
2
0 < 0 and 8 > h2 >
43
6 , which means the term
will in each case help us eliminate the tachyonic slepton. We will analyse this case later;
unfortunately it runs into difficulties because it leads to a comparatively light charged
Higgs mass. The alternative scenario which we described as natural in the FI case was
to arrange that Qd = Qe < 0. It is easy to demonstrate from Eqs. (6.8a, b) that this is
incompatible with αd ≤ αe, and moreover the alternative natural solutions Qd = Qu = 1,
Qe < 0, or Qe = Qu = 1, Qd < 0 are also impossible; since Qd = 1 gives at once ∆ ≥ 6
and hence Qe ≥ 0, and Qe = 1 gives ∆ ≥ 9 and hence Qd ≥ 0.
An alternative which we will consider later is ∆ = αd = αe = 0, leading to Qd = −2,
Qe = −1. This is clearly less satisfactory since we now must suppose that the physics
responsible for the higher dimension terms does not permit θd to couple to the leptons.
7. Choice of Textures
In the previous two sections we have exhibited two distinct choices of Yukawa texture
and showed how they both could arise from U ′1 (or U
R
1 ) charge assignments compatible
with mixed-anomaly cancellation.
The Wolfenstein texture has the advantage of explaining in a completely natural
way the origin of the CKM matrix; however the DD texture has an overriding advantage
which is specific to our AMSB scenario. This advantage derives from the fact that for the
corresponding textures Yu,d,e shown in Eq. (6.1), the right-handed diagonalisation matrices
Vu,d,e are close to the unit matrix. Specifically,
Vu ∼

 1 λ
4 λ8
λ4 1 λ4
λ8 λ4 1

 , Vd, Ve ∼

 1 λ
2 λ4
λ2 1 λ2
λ4 λ2 1

 . (7.1)
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The significance of this becomes apparent when we consider the effect of rotating to
the quark/lepton mass diagonal basis the fundamental relations Eq. (2.6) or Eq. (2.8). The
AMSB contributions to the scalar masses are diagonalised to a good approximation when
we transform to the fermion mass-diagonal basis, as are the contributions proportional to
γij in Eq. (2.8). Clearly the danger lies in the terms linear in the U
′
1 ( or U
R
1 ) charges.
However if we choose the DD textures, then on the one hand there is no problem with the
LH squarks and sleptons, because of the universal doublet U ′1 charges; and on the other
hand, the induced off-diagonal contributions to the RH squark and slepton mass matrices
are small because of Eq. (7.1) above.
For the rest of this paper we will concentrate on the DD textures.
8. Experimental Consequences
The gaugino spectrum is to leading order independent of the mechanisms used here
to resolve the slepton mass problem; and is characterised by an approximately degenerate
triplet of light winos (W˜±,0) The neutral wino is, in a substantial region of parameter
space, the LSP; the resulting characteristic decay W˜± → W˜ 0pi0 has been described in a
number of papers.
However the LSP can also be a scalar neutrino, ν˜l, in which case the dominant decay
modes of W˜±,0 will be W˜± → ν˜ll and W˜ 0 → ν˜lνl respectively (if the masses are ordered
l˜ > W˜±,0 > ν˜l) with the possibilities W˜± → l˜νl, W˜ 0 → l˜l also available if W˜±,0 > l˜ > ν˜l
The fact that M3 and M2 have opposite signs disfavours at first sight a supersym-
metric explanation of the well-known discrepancy between theory and experiment for the
anomalous magnetic moment of the muon, aµ. This is because if sign (µM2) is chosen so
as to create a positive aSUSYµ then sign (µM3) leads to constructive interference between
various supersymmetric contributions to B(b → sγ), and consequent restrictions on the
allowed parameter space3. It is worth noting, however, that gloomy conclusions here have
generally been reached in the context of the mAMSB model, Eq. (2.5), and the issue is
therefore perhaps worth revisiting, because the nature of our solution to the tachyonic
slepton problem means that the squark/slepton mass difference is typically much higher in
our case, so we might hope (by choosing positive µM2, and arranging for heavy squarks)
to find a negligible (even if constructive) B(b→ sγ) contribution from squark loops.
3 In this context deflected anomaly mediation[19] is worthy of consideration[20].
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We must be careful, however, of the charged Higgs contribution to B(b→ sγ), which
can be quite large, is independent of squark masses, and adds to the SM contribution.
Ignoring other supersymmetric contributions, we estimate that a limit mH± > 400GeV is
required. This limit provides a useful constraint on our final choice of charge assignments,
via mass sum rules, which we will discuss below.
8.1. The FI case
In section 6 we showed how with ∆ = αd = αe = 0 anomaly cancellation led to
the economical and natural result Qd = Qe = −2 so that two θ-fields θu, θd suffice to
generate the quark and lepton masses. Moreover, as mentioned earlier, there is no need
to invoke any further discrete symmetry to forbid θd from contributing to Yu since θu,
θd have opposite charges. If one assumed that only these two fields received vevs at the
Mθ-scale, and if U
′
1 were gauged, then there would be a D-flat direction corresponding to
〈θu〉 =
√
2〈θd〉 leading to two distinct λ-parameters, with λu =
√
2λd. However, we retain
an agnostic attitude to the gauging of the U ′1 and we choose correspondingly to stick with
the basic assumption that there is a universal λ ≈ 0.22 for all the Yukawa matrices.
In Ref. [10] we presented a preliminary analysis of this scenario. The main distin-
guishing feature of the sparticle spectrum is the large splitting among right-handed fields
caused by the generation-dependent charge assignments. This is in complete contrast to
the constrained MSSM (CMSSM), where, for example, d˜R, s˜R are almost degenerate as
are d˜L, s˜L. Here while d˜L, s˜L remain degenerate, d˜R and s˜R may differ in mass by a factor
of two or more.
In order to pin down an appropriate set of U ′1 charge assignments (and also to explore
what features of the outcome are independent of these assignments) it is useful to begin by
introducing some sum rules. It is easy to show that in Case (FI) we have, after imposing
the anomaly constraints Eqs. (6.6),
Tr
(
m2L + 3m
2
Q
)
= Tr
(
m2L + 3m
2
Q
) |AMSB −∆ζ ′, (8.1a)
Tr
(
m2uc +m
2
dc + 2m
2
Q
)
= Tr
(
m2uc +m
2
dc + 2m
2
Q
) |AMSB, (8.1b)
Tr
(
m2uc +m
2
ec − 2m2Q
)
= Tr
(
m2uc +m
2
ec − 2m2Q
) |AMSB, (8.1c)
where the masses on the RHS correspond to pure AMSB contributions, i.e. they are
calculable from Eq. (2.3c), which (apart from the overall scale M0), depends only on the
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unbroken theory. We hence obtain sum rules for the particle masses, for example from
Eq. (8.1b) we have that: ∑
q˜
m2q˜ = 2m
2
t + j1(tanβ)m
2
g˜ (8.2)
where the sum includes all twelve squarks, and we have neglected quark masses apart
from mt. The function j1(tanβ) is a slowly varying function of tanβ, given to a good
approximation by j1 = 9.84−0.013 tanβ for 5 < tanβ < 40. For tanβ < 5 and tanβ > 40,
j increases, for example j1(2) = 9.91 and j1(60) = 10.02. This sum rule is very robust,
being independent of ∆ and any feature of the charge assignments. Note how it clearly
distinguishes the FI case from the mAMSB variant defined by Eq. (2.5), which would lead
to an additional term 12m20 on the RHS of Eq. (8.2), which would also hold only at high
energies because of the loss of RG invariance.
Adding Eqs. (8.1a, c)we obtain
∑
t˜,c˜,u˜
m2q˜ +
∑
τ˜ ,µ˜,e˜
m2
l˜
= 2m2t + j2(tanβ)m
2
g˜ −∆ζ ′ (8.3)
so for the class of charge assignments such that ∆ = 0 (corresponding to an allowed µ-term
µH1H2) we have another sum rule. The function j2(tanβ) ≈ 4.6 is again insensitive to
tanβ.
There is a further sum rule involving the CP odd Higgs. Using the tree minimisation
conditions we obtain
m2A = (m
2
2 −m21) sec 2β −M2Z (8.4)
whence
m2A = sec 2β

2
3
∑
τ˜ ,µ˜,e˜
m2
l˜
+ j3(tanβ)m
2
g˜ + (8−∆/3)ζ ′

 (8.5)
where j3 increases from j3(5) ≈ −0.45 to j3(40) ≈ 0.01 .
This sum rule is particularly useful in the B(b → sγ) context, because mA is linked
to mH± via the tree relation m
2
H±
= m2A +M
2
W , and as we described above, we want to
ensure mH± > 400GeV. We must also ensure that the tachyonic mass problem is solved.
For ∆ = αd = αe = 0 so that from Eq. (6.6c) we have 3u1 = 16 − 2h2 − e1, we have U ′1
charge assignments as shown in Table 1,
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Qi u2 u3 d1 d2 d3
8− u1 − h2 u1 − 4 u1 − 8 2h2 + u1 − 16 2h2 + u1 − 12 u1 + 2h2 − 8
Li e1 e2 e3
3u1 + 3h2 − 24 16− 2h2 − 3u1 20− 2h2 − 3u1 24− 2h2 − 3u1
Table 1: The U ′1-charges
where we have written the charges in terms of u1 instead of e1 using Eq. (6.6c). It is then
easy to show that with the charge assignments shown in Table 1, there exists some range
of ζ, ζ ′ leading to positive FI contributions for both m2ec and m
2
L if and only if
3u1 + 4h2 < 24, if ζ
′ < 0, (8.6)
or
3u1 + 4h2 > 32 if ζ
′ > 0. (8.7)
Now in Ref. [10] we chose h2 = 12 and u1 = −7/2, which evidently satisfies Eq. (8.7).
Throughout the corresponding allowed region in the ζ, ζ ′ plane, however, this gives rise
to an unacceptably light H± mass from the point of view described above. The reason
is easy to see from Eq. (8.5); for tanβ > 1 we have sec 2β < 0, and so the last term in
this equation reduces m2A (and hence mH±) if ζ
′ > 0. If, however, we choose, for example,
h2 = 1 and u1 = 1/2 (corresponding to e1 = 25/2), then we have instead ζ
′ < 0 and duly
obtain a spectrum with a significantly heavier H±.
For these charge assignments, tanβ = 5, µ > 0 and M0 = 40TeV, we show in Figure 1
the triangular region in the ζ1,2 plane which corresponds to an acceptable vacuum. The
LSP can be the neutral wino, or the ν˜τ ; for alternative charge assignments (such as those
employed in Ref. [10]) the LSP can be a charged lepton, but we find that the constraint
of a heavier H± that we favour here excludes this possibility.
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Fig.1: Allowed values of ζ1,2 for tanβ = 5, m0 = 40TeV and µ > 0.
As tanβ is increased the allowed region shrinks, becoming very small for tanβ > 20.
In Table 2 we give representative spectra for a point from each of the two allowed regions
in Fig. 1.
If we consider the muon anomalous magnetic moment for the case, for example, of the
second column of Table 2, then we obtain[21]
aSUSYµ ≈ 25× 10−10. (8.8)
This result (the dominant contribution to which comes from the charged wino/Higgsino
diagram) is in the right region to explain the difference between the recent Brookhaven
E821 result [22] and the SM prediction4
δaµ = 33.9(11.2)× 10−10 (8.9)
4 We use the e+e− result from Ref. [23]; see also Ref. [24]
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Thus (by choosing µ > 0) we are indeed able to generate a significant positive contribution
to aµ while simultaneously suppressing the contribution to B(b→ sγ) thanks to the large
squark and Higgs masses.
tanβ(sign µs) 5(+) 5(+)
ζ1(TeV)
2 0.3 0.325
ζ2(TeV)
2 −0.01 −0.01
M0TeV 40 40
mod(µ)TeV 0.677 0.667
t˜1,2 863, 606 864, 594
c˜L,R 931, 852 933, 842
u˜L,R 931, 828 933, 818
b˜1,2 825, 1024 827, 1028
s˜L,R 934, 1047 936, 1051
d˜L,R 934, 1066 936, 1069
τ˜1,2 150, 268 101, 311
µ˜L,R 152, 335 104, 370
e˜L,R 152, 390 104, 421
ν˜τ 129 64
ν˜µ,e 130 66
h 117 117
H 539 514
A 538 512
H± 544 519
χ˜±1 104 104
χ˜±2 681 671
χ˜1 103 103
χ˜2 367 367
χ˜3 680 670
χ˜4 689 680
g˜ 1008 1008
Table 2: The sparticle masses (in GeV) for the FI U ′1 case
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8.2. The R case
Here also we will be guided by the Higgs mass sum rule. The sum rule analogous to
Eq. (8.2) is ∑
q˜
m2q˜ = 2m
2
t + j1(tanβ)m
2
g˜ + k
R
1 (tanβ)m
2
0 (8.10)
where kR1 (5) ≈ 2.7 and is likewise slowly varying over a wide range of tanβ. Thus there
is explicit dependence on the mass scale m0; this term is small compared to the mg˜ term,
however.
Similarly we have a sum rule like Eq. (8.3):
∑
t˜,c˜,u˜
m2q˜ +
∑
τ˜ ,µ˜,e˜
m2
l˜
= 2m2t + j2(tanβ)m
2
g˜ + (
3
2
∆− kR2 (tanβ))m20 (8.11)
where kR2 (5) ≈ 6.2. Finally the analogue of the Higgs mass sum rule, Eq. (8.5) is
m2A = sec 2β

2
3
∑
τ˜ ,µ˜,e˜
m2
l˜
+ j3(tanβ)m
2
g˜ + Cm20

 (8.12)
where
C = γH2 − γH1 − 23Tr(γL + γec) + Cq (8.13)
and
Cq = 2 +
3∑
i=1
(Li + ei)− 32(h2 − h1). (8.14)
Here there is a degree of cancellation between the first two terms on the RHS of Eq. (8.12)
and hence the sign and magnitude of Cq becomes important. For the case ∆ = 6, Qu =
Qd = Qe = 1 described at the end of section 6, we find (independent of h2) that Cq = −4,
so that since we needed m20 < 0 to resolve the tachyonic slepton problem we can anticipate
light mA, mH± . We indeed find that for M0 = 40TeV, mH± ≈ 160 − 250GeV, and that
this continues to hold even if we raise M0 to 80TeV, giving squark masses in the region of
2TeV and |µ| ≈ 1.2TeV, which is at if not beyond the limit of acceptable fine tuning for
the Higgs minimisation. Thus this scenario, while ideal in terms of the θ-charges, is, we
believe, ruled out.
An alternative for which we will again provide detailed results is ∆ = αd = αe = 0,
leading to Qd = −2, Qe = −1. Unfortunately as we already described, here we have
to forbid θd from coupling to the leptons in order to prevent it from giving unwanted
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contributions to the textures for Ye. We now find that Cq = −7. However, this time
solving AQ = 0 gives e1 = 2h2 − 11/3, whereupon the leptonic charges are Li, e1, e2, e3 =
−4
3
− h2, 2h2 − 113 , 2h2 − 53 , 2h2 + 13 . Then the loop unsuppressed term from Eq. (2.8) will
be positive for each of the set Li, ej if m
2
0 > 0 and −1 < h2 < −1/3. So in this case we
can have m20 > 0 with Cq < 0 and hence a positive C-contribution to m2A in Eq. (8.12)
leading to a larger mH± . For these charge assignments, h2 = −2/3 and µ > 0 we show in
Figure 2 the range of values ofM0 and m0 that lead to an acceptable vacuum and sparticle
spectrum, for both tanβ = 5 and tanβ = 10. In both cases the LSP is always the ν˜τ ,
which is disfavoured as a dark matter candidate.
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35
40
45
50
55
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2
 ((TeV)2)
M
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(T
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)
tanβ=5
tanβ=10
Forbidden Region
Fig.2: Range of allowed values of M0 and m0 for the U
R
1 case
In Table 3 we give representative spectra for two points from the allowed region in
Fig. 2, corresponding to tanβ = 5 and tanβ = 10 respectively.
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tanβ(sign µs) 5(+) 10(+)
M0(TeV) 40 50
m20(TeV
2) 0.07 0.104
mod(µ)TeV 0.753 0.929
t˜1,2 872, 674 1059, 827
c˜L,R 932, 667 1152, 836
u˜L,R 932, 159 1152, 274
b˜1,2 826, 1004 1011, 1228
s˜L,R 935, 1198 1155, 1473
d˜L,R 935, 1362 1155, 1672
τ˜1,2 108, 218 101, 261
µ˜L,R 114, 507 128, 615
e˜L,R 114, 683 128, 831
ν˜τ 79 89
ν˜µ,e 81 97
h 117 124
H 664 781
A 663 781
H± 668 785
χ˜±1 105 134
χ˜±2 757 931
χ˜1 104 133
χ˜2 368 463
χ˜3 764 932
χ˜4 756 937
g˜ 1008 1246
Table 3: The sparticle masses (in GeV) for the UR1 case
Here a significant constraint on the allowed parameter space is provided by the u˜R
mass, which tends to be lighter than the other squarks. Otherwise the spectrum is similar
to that obtained for the ν˜τ region in the FI case.
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9. R-parity violation
It is well-known that imposing gauge invariance alone does not forbid the addition of
the following renormalisable R-parity violating terms to the superpotential of the MSSM :
WR = λijkLiLje
c
k + λ
′
ijkLiQjd
c
k + λ
′′
ijku
c
id
c
jd
c
k +m
R
i LiH2. (9.1)
If all these terms are allowed then rapid proton decay results but if λ′′ is forbidden then
the limits on the remaining terms (which violate L but not B) are less strict. Indeed the
cubic terms have been employed to provide an alternative explanation for the tachyonic
slepton problem[25]. Alternatively if only the quadratic term is permitted then this results
in interesting phenomenology[26]; for example the mixing between neutral gauginos and
neutrinos induces neutrino masses.
When we generalise the MSSM to the MSSMν (Eq. (3.1)), i.e. if we consider the
effective field theory at scales P such that Mν < P < Mθ
5 then we have the further
possible renormalisable R-parity violating terms
W νR = aiν
c
i + biH1H2ν
c
i + cijkν
c
i ν
c
jν
c
k. (9.2)
Let us now ask the following question: can our U ′1 or U
R
1 be used to naturally forbid
the appearance of some or all of the operators in Eqs.(9.1), (9.2) at the tree level or both
at the tree level and via FN texture terms?
The answer to both these questions is in fact yes, there exist charge assignments
which do precisely this. This is an attractive feature of this class of theories; the fact
that a symmetry introduced to resolve the slepton mass problem can lead naturally to
R-parity conservation is very economical. As an example of how this may be achieved
consider the charge assignments that we studied in section 8 in the FI case (from Eq. (6.6)):
∆ = 0, h2 = 1, e1 = 25/2, with αd = αe = 0. This corresponds to Qu = 1, Qd = Qe = −2
so that manifestly only operators with integer charges can be generated with the possible
θ-charges. However we find that the set of R-parity violating operators of Eq. (9.1) have
charges −27/2,−35/2,−37/2,−43/2,−51/2,−59/2. Because these are all half-integral
they cannot be generated by the existing θ-charges and so R-parity conservation is exact.
5 In fact the most natural assumption is Mν =Mθ, in which case we would also not have to be
concerned with lepton flavour violation effects generated from YνY
†
ν contributions to the running
of the slepton masses between Mθ and Mν ; for a review and references see for example [27].
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With regard to Eq. (9.2), the outcome depends on the νc U ′1 charge assignments; we will
reurn to this issue in the next section.
In the ∆ = αd = αe = 0 (so that Qd = −2, Qe = −1), R-case analysed in Section 8.2,
all the lepton number violating operators have fractional charges and are hence forbidden
in the same manner, as are tree contributions to λ′′ijk. However if we allow FN couplings
to the θ-fields, we can in this case generate some of these terms with powers of θ ranging
from unity (for λ′′113, λ
′′
223) up to θ
7 for λ′′312, if we allow any of θu,d,e in each case. In fact
it is λ′′112 and λ
′′
113 which are subject to the most strict experimental bounds (on double
nucleon decay and n − n oscillations)[28]. These operators can be generated by θ3d and
θd (or θ
6
e and θ
2
e) respectively, and so we need to impose that these operators cannot be
produced via the θd,e spurions.
10. Neutrino Masses
There is now substantial evidence for the existence of neutrino masses, and also for a
form of UMNS quite different from the CKM matrix. Such a difference is not surprising
in the context of the seesaw model, since although Ue is analogous to Uu,d, Uν is quite
different, involving as it does the singlet mass matrix Mνc . This issue has been discussed
at length in the literature; see for example the papers of King (Ref. [29] and references
therein). Specific to the the DD scenario, however, there is a reason why we might expect
a distinction between CKM and UMNS . The small angles of CKM are produced by cancel-
lation between Uu and Ud in Eq. (3.4); the DD texture form produces texture suppression
of the off-diagonal elements in Vu,d,e but not in Uu,d,e. Therefore, in fact, (since Ue has a
similar form to Ud), we would anticipate (even if Uν ≈ 1) a non-CKM form for UMNS .
It is easy to provide an explicit realisation. Suppose that mν is to a good approxi-
mation diagonal, so that Uν ≈ 1. This is possible in the context of the explicit texture-
generated construction of Ref. [10], where we had
mD =

 aνλ
n dνλ
m
bνλ
n eνλ
m
cνλ
n fνλ
m

 , (10.1)
and
Mνc =
(
0 Mν1
Mν1 0
)
. (10.2)
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If aν , dν and bνfν + cνeν are small, then mν (which has one zero eigenvalue, because we
have introduced only two right-handed neutrinos) is approximately diagonal. Now given a
unitary matrix
Ue =

u11 u12 u13u21 u22 u23
u31 u32 u33

 , (10.3)
then trivially the matrix
Ye =

Bλ
4u11 Aλ
2u12 u13
Bλ4u21 Aλ
2u22 u23
Bλ4u31 Aλ
2u32 u33

 (10.4)
has the appropriate texture form (see Eq. (6.1)) and is diagonalised by a left-handed
transformation only:
UTe Ye =

Bλ
4 0 0
0 Aλ2 0
0 0 1

 (10.5)
Thus if the neutrino mass matrix mν is to a good approximation diagonal and Ye is
of the form above then we obtain UMNS = U
T
e , a natural hierarchy for the charged lepton
masses, and natural suppression of leptonic FCNCs. Clearly a suitable form for Ue would
be, for example (see Eq. (3.9))
Ue =


1√
2
1
2
1
2
− 1√
2
1
2
1
2
0 − 1√
2
1√
2

 (10.6)
The coefficients uij depend on unknown physics, but this at least shows that a plausible
UMNS is possible within our framework. Finally we remark that if we choose (in Eq. (10.1))
n = 2 and m = 1, then with the set of FI charge assignments that we favoured in previous
sections we find charges θν = −37/3 and νc = ±37/6 which means that all the terms in
Eq. (9.2) are, like those in Eq. (9.1), forbidden at both tree and texture-generated level.
11. Conclusions
We have given a detailed analysis of the constraints that follow from imposing mixed-
anomaly cancellation on the U ′1 charge assignments associated with Yukawa textures (both
a U ′1 commuting with supersymmetry and a U
R
1 ). The resulting texture patterns are of
interest in their own right; however our specific interest is in application to the AMSB
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framework. Introducing the mixed-anomaly-free U ′1 allows the AMSB slepton mass prob-
lem to be solved while maintaining RG invariance and UV insensitivity. In order to generate
Yukawa textures the U ′1 charge assignments must be generation dependent, which leads to
potential FCNC problems. We have shown that a specific form for the textures solves this
problem in a natural way without fine-tuning. The resulting spectrum patterns are clearly
distinguished both from the CMSSM and the mAMSB by, for example, large squark and
slepton mass splittings. Of the two U1 scenarios we present, we favour the ordinary U
′
1 case
over the UR1 one. In the latter case although we were able to achieve the most economical
θ-charge structure (θu = θd = θe = 1), we find that in that case the charged Higgs mass
is inevitably rather light; we present an alternative assignment (θu = 1, θd = −2, θe = −1)
which avoids this problem, but is unnatural in that higher dimension operators involving
θd contributing to the lepton Yukawa matrix must be forbidden by fiat; also in this case
the LSP is always a sneutrino, which is disfavoured as a dark matter candidate. Our FI
case avoids all these criticisms. In addition all R-parity violating operators are naturally
forbidden.
Neutrino masses and mixings consistent with current observations can be accommo-
dated within our framework. The matrix Ue that rotates the left-handed charged leptons
to the mass diagonal basis has generically large angles which can explain the difference
between the CKM matrix and UMNS , although specific features of preferred patterns, such
as near-vanishing of the (e3) element of UMNS , are not predicted.
We believe that both the flavour-blind framework of Ref. [5] and the texture based
frameworks of this paper are more attractive possibilities than mAMSB (and even arguably
the CMSSM) and consequently worthy of attention.
Appendix A. The AMSB solution
Here we summarise the exact results for the soft supersymmetry-breaking β-functions
for a general N = 1 supersymmetric gauge theory with a simple gauge group including the
possibility of gauge singlets. We then give a set of results for the various soft parameters
which form an exact RG trajectory, expressing them in terms of a single mass scale M0
and the coupling constants of the unbroken theory. In Ref. [30], we distinguished results
according to whether the auxiliary F -fields were eliminated or not; here we give only results
in the F -eliminated case, which means that in the interests of notational simplicity we here
represent as unbarred quantities which appeared barred (m2, h · · ·) in Ref. [30].
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We begin with a superpotential of the form:
W (φ) = 1
2
µijφiφj +
1
6
Y ijkφiφjφk, (A.1)
and soft supersymmetry-breaking scalar terms as follows:
Vsoft =
(
ciφi +
1
2
bijφiφj +
1
6
hijkφiφjφk + c.c.
)
+ (m2)ijφiφ
j , (A.2)
Note that Vsoft contains a linear term, so we are allowing for gauge singlets in general. As
remarked in Ref. [30], in the presence of soft breakings we can without loss of generality
omit the linear term from the superpotential W . This statement follows (in the single field
case) simply from the identity
V = |a+ µφ+ yφ2/2|2 = |µφ+ yφ2/2|2 + (cφ+ bφ2/2 + h.c.) + a∗a, (A.3)
where c = a∗µ and b = a∗y, which shows how a linear term can be “removed” from
the superpotential. In the absence of explicit supersymmetry breaking this particular toy
model has, of course supersymmetric ground states, corresponding to V = 0 (i.e. it is not
of the O’Raifeartaigh [31] type).
The complete exact results for the soft β-functions are given by:
βM = 2O
[
βg
g
]
,
βijkh = h
l(jkγi)l − 2Y l(jkγ1i)l,
βijb = b
l(iγj)l − 2µl(iγ1j)l + Y ijlσl,
βic = c
jγij +∆Z
i + µilσl − (m2)ikZk,
(βm2)
i
j = ∆γ
i
j ,
(A.4)
where
O =Mg2 ∂
∂g2
− hlmn ∂
∂Y lmn
− blm ∂
∂µlm
, (A.5a)
∆ = 2OO∗ + 2MM∗g2 ∂
∂g2
+
[
Y˜ lmn
∂
∂Y lmn
+ µ˜lmn
∂
∂µlm
+ c.c.
]
+X
∂
∂g
,(A.5b)
(γ1)
i
j = Oγij , (A.5c)
Y˜ ijk = (m2)(ilY
jk)l and µ˜ij = (m2)(ilµ
j)l, (A.6)
29
and σ, Zi are defined as follows:
Zi = YimnK
mn
pqµ
pq, (A.7a)
σi = −2O (Zi) (A.7b),
where Yimn = (Y
imn)∗, with Kmnpq defined by the condition
YimnK
mn
pqY
pqjaj = γ
j
iaj . (A.8)
Finally the X function above is given (in the NSVZ scheme)
XNSVZ = −2 g
3
16pi2
S
[1− 2g2C(G)(16pi2)−1] (A.9)
where
S = r−1tr[m2C(R)]−MM∗C(G), (A.10)
For a discussion of X in the DRED′ scheme, see Ref. [32].
From Eq. (A.7a), (A.8) we see that Z is obtained from the subset of contributions to
the anomalous dimension γji where the external lines are attached to Yukawa (as opposed
to gauge) couplings, by replacing the “outer” Y jpq by a supersymmetric mass insertion
µpq. Manifestly Z is only nonzero if there are gauge-singlet chiral superfields.
The following set of relations are RG invariant to all orders of perturbation theory:
M =M0
βg
g
, (A.11a)
hijk = −M0βijkY , (A.11b)
(m2)ij =
1
2 |M0|2µ
dγij
dµ
, (A.11c)
bij = −M0βijµ −M0Y ijkZk, (A.11d)
ci = 12 |M0|2
[
µ
d
dµ
Zi + (γZ)i
]
−M0µilZl. (A.11d)
In this paper, in common with most of the AMSB literature, we focus on Eqs. (A.11a− c),
by choosing theories such that Zi = 0, and assuming an alternative source for b
ij , so that
it can be treated as a free parameter and determined in the usual way by the minimisation
conditions at the weak scale. Because the relevant β-functions do not involve bij and ci,
Eqs. (A.11a− c) form a RG-invariant subset.
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For a U1 theory we can also consider the possibility of a FI term, ξD. In the unbroken
theory ξ is unrenormalised, as long as TrY = 0, where Y is the hypercharge matrix[33]. In
the presence of soft breaking, the renormalisation of ξ has been studied up to three loops
[34]–[36]; however there exists no exact relation expressing its β-function in terms of βg
and γ of the type Eq. (A.4).
For a U1 theory, the AMSB solution form
2 in theD-eliminated case may be generalised
to either
(m2)ij =
1
2
|M0|2µdγ
i
j
dµ
+ gξRG(Y)ij , (A.12)
where ξRG is the RG solution for ξ, or
(m2)ij =
1
2
|M0|2µdγ
i
j
dµ
+ ζ(Y)ij , (A.13)
where ζ is a constant. It is the latter possibility that forms Case (FI) of this paper.
If the theory admits a R symmetry then there is an alternative which is also exactly
RG invariant,
(m2)ij =
1
2 |M0|2µ
dγij
dµ
+m20(γ
i
j + q
iδij), (A.14)
where
qi = 1− 32ri, (A.15)
and ri are the R-charges. This is Case R in this paper.
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